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Abstract
Background: The population of people with dementia is not homogeneous. People with dementia exhibit a wide
range of needs, each characterized by diverse factors including age, sex, ethnicity, and place of residence. These
needs and characterizing factors may influence the applicability, and ultimately the acceptance, of assistive
technologies developed to support the independence of people with dementia. Accordingly, predicting the needs
of users before developing the technologies may increase the applicability and acceptance of assistive
technologies. Current methods of prediction rely on the difficult collection of subjective, potentially invasive
information. We propose a method of prediction that uses objective, unobtrusive, easy to collect information to
help inform the development of assistive technologies.
Methods: We develop a set of models that can predict the level of independence of people with dementia during
20 activities of daily living using simple, objective information. Using data collected from a Canadian survey
conducted with caregivers of people with dementia, we create an ordered logistic regression model for each of the
twenty daily tasks in the Bristol ADL scale.
Results: Data collected from 430 Canadian caregivers of people with dementia were analyzed to reveal: most care
recipients were mothers or husbands, married, living in private housing with their caregivers, English-speaking,
Canadian born, clinically diagnosed with dementia 1 to 6 years prior to the study, and were dependent on their
caregiver. Next, we developed models that use 13 factors to predict a person with dementia’s ability to complete
the 20 Bristol activities of daily living independently. The 13 factors include caregiver relation, age, marital status,
place of residence, language, housing type, proximity to caregiver, service use, informal primary caregiver, diagnosis
of Alzheimer’s disease or dementia, time since diagnosis, and level of dependence on caregiver. The resulting
models predicted the aggregate level of independence correctly for 88 of 100 total responses categories,
marginally for nine, and incorrectly for three.
Conclusions: Objective, easy to collect information can predict caregiver-reported level of task independence for a
person with dementia. Knowledge of task independence can then inform the development of assistive
technologies for people with dementia, improving their applicability and acceptance.
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Background
Dementia is a progressive, neurodegenerative clinical
syndrome characterized by the deterioration of cognitive
functioning [1]. Although the classic feature of dementia
is memory loss, behavioural and psychological symptoms
are also salient [2] and negatively impact the ability of
people with dementia (PwD) to negotiate their environ-
ment and independently complete activities of daily
living (ADLs) [3]. The lost independence further bur-
dens family caregivers [4–6] who act as assistants for
cognition prompting, remind and support PwD in the
performance of ADLs [7], and experience increasing
burden as the disease progresses [8]. In response, assist-
ive technologies (ATs), referring to devices designed to
enable people with disability to function more independ-
ently [9], have been developed to support PwD and their
caregivers. Such ATs, Pollack [10] argues, help people in
three ways: “(1) by providing assurance that the elder is
safe and is performing necessary daily activities, and, if
not, alerting a caregiver; (2) by helping the elder com-
pensate for [their] impairment, assisting in the perform-
ance of daily activities; and (3) by assessing the elder’s
cognitive status” (p. 12). If effective, AT may help reduce
the cost of care [9], decrease caregiver burden [11–13],
promote independence and autonomy, and increase
quality life for PwD [11, 13–15]. Additionally, AT may
promote aging in place; thereby delaying the transition
of PwD into formal care facilities and instead help them
maintain some level of independence while living in the
community [16]. Generally PwD prefer to age in place
because it allows for their autonomy, independence, and
connection to loved ones to be maintained [17, 18]. Yet
little is known about how AT can be used to facilitate
this practice [19].
In response, a user-centered design philosophy [20]
has emerged among AT developers (e.g., [15, 21, 22]) to
better understand the needs of PwD, incorporate these
needs into AT design, and ultimately increase device
acceptance and adoption among users [23]. User needs
form the foundation of this design philosophy, including
the characteristics of the users and their environments
[13, 20, 23], which motivates more research on under-
standing user needs and how AT can best support PwD
[24]. Researchers have found that internal personal fea-
tures (e.g., expectations and self-esteem) [25] along with
personal capabilities (e.g., cognitive abilities or deficits,
attitudes toward technology) [9] are linked to AT adop-
tion. Others document the role of environmental factors,
(e.g., social setting, available infrastructure) [9, 25] to
AT adoption and use. Limited understandings of the
costs and availability of AT [19], in conjunction with
the belief that technology cannot assist or is not ap-
propriate for particular tasks [26] are also identified
barriers to AT use.
Knowledge of factors affecting AT adoption will improve
the likelihood of AT acceptance when considered during
the design stage. However, to our knowledge, researchers
employing a user-centred design philosophy have not
considered the comprehensive needs of the target popula-
tion. Rather, they tend to use a subset of user needs—just
as we did in our previous work [13]. Developers of AT
intended to support PwD often develop technologies with-
out predicting the likelihood of the AT being adopted. To
respond to these lacunae in the literature, we administered
a national survey to family caregivers of PwD across
Canada to characterize the comprehensive needs of PwD
and their caregivers. We then analyzed the data collected
via the survey to develop a predictive model of AT appro-
priateness with respect to daily task support.
Factors characterizing people with dementia
Researchers reveal that demographic factors like age and
gender can stratify the expected prevalence of dementia,
demonstrating the heterogeneity of the population [27–30].
Alzheimer’s disease and other dementias, for example, are
more common among women (e.g., in the United States
nearly two of every three PwD are women [27]). Some
argue this is because women live longer than men [28, 29].
In a more recent global analysis, researchers found that the
prevalence of dementia doubled with every 5.5 to
6.7 years of age depending on the region [30]. They also
noted that sex has an independent effect on the preva-
lence of dementia in all areas except North America
and Asia Pacific [30]—supporting that the population
of PwD is not homogeneous.
The population of PwD is also stratified by place of
residence. For example, persons diagnosed with demen-
tia living in the United States reported living in a nurs-
ing home or care facility (44 %) [27], in the community
with another person (42 %), or alone in the community
(15 %) [27, 31, 32]. These findings are similar for Canad-
ian community-dwelling PwD where approximately 20 %
to 30 % live alone [33]. Outside North America the place
of residence of PwD varies considerably, with an esti-
mated one-third to one-half of PwD living in residential
care [30].
The impact of place of residence on PwD can be
substantial. Researchers suggest PwD living alone in the
community are more likely older, poorer, female, and
more cognitively capable than those living with others
[31]. They also appear more prone to harm requiring
emergency attention [34] and malnourishment [35], but
have less difficulty completing ADL [32]. Qualitative
researchers find PwD living alone value their independ-
ence [36] and will adapt as necessary to remain at home
as long as possible [36, 37]. Webber et al. [31] consid-
ered the impact of living alone on support service use,
finding PwD living alone are more likely than those who
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live with others to use either in-home services (e.g.,
housekeeping, meals on wheels), or no services at all.
Gaugler et al. [38] further noted that the use of in-home
services by PwD results in a delay in institutionalization.
Biegel et al. [39], in a study in the United States, classified
support services for community-dwelling PwD based on
the location of service provision: in-home (e.g., house-
keeping); out-of-home (e.g., transportation); both in- and
out-of-home; and none. They found PwD using in-home
or no services had higher functional impairment, inad-
equate informal supports, and caregivers who reported a
higher level of emotional strain.
In summary, we highlight that many factors stratify
the heterogeneous population of PwD. Specifically, we
note from the literature that age, sex, ethnicity, place of
residence, socioeconomic status, and the use of support
services have been identified as relevant stratifying fac-
tors. Accordingly, we seek to determine the utility of
these and potentially other factors for characterizing the
AT needs of PwD. Such factors may facilitate the predic-
tion of specific tasks that PwD and their caregivers strug-
gle with and the likelihood of adopting an AT designed to
support those tasks.
Predicting needs and the likelihood of adoption
Davis [40, 41] considered predicting the likelihood of
users accepting general technologies (and eventually
computers – at a time when computers were considered
technological innovations) using a scale with two per-
ceived variables, usefulness and ease of use. Out of
Davis’ seminal work [41] emerged the Technology Ac-
ceptance Model (TAM) which underwent several evolu-
tions [42–44], specifically as a tool to predict general
acceptance of technology. The predictive capability and
explanatory potential of the TAM have since been criti-
cized [45–48], and some have considered that research
on improving the model may be saturated [49]. In
particular, the model’s use of subjective data is a noted
significant limitation [47, 50, 51]. Less than a decade
later, Day and Jutai [52] developed the Psychosocial
Impact of Assistive Devices Scale (PIADS) for assistive
technologies, in contrast to the TAM which focused on
general technologies. Similar to TAM, PIADS was criti-
cized for relying on subjective information in order to be
effective and, thus, ultimately having limited predictive
capabilities [49]. In an attempt to address these chal-
lenges, Zhang et al. [25], developed and compared
several models based on care recipient factors that could
predict the likelihood of a phone-based video streaming
AT being adopted for PwD. They determined that seven
care recipient features affect the predictive model: sex;
living arrangement; MMSE score; broadband connection
availability; age; mobile device reception; and carer
involvement. Although the predictive capabilities of the
model were strong, they were limited to a single AT and
thus their work is not broadly applicable. Extending this
work, we strive to develop generalizable predictive
models for AT using objective, unobtrusive information
about PwD.
Linking characteristics to needs to acceptance
To our knowledge, scholars have yet to develop a
predictive model using objective characteristics of PwD
to identify their general AT needs. In response, we quan-
tify objective factors, drawn from the literature, that
characterize the current Canadian population of PwD
(Objective 1). We then develop a set of models to
predict the level of difficulty a care recipient has with
different ADL based on the characterizing factors
(Objective 2). Next, we determine the role of AT in sup-
porting the ADL needs of PwD. From these predictive
models, we inform AT designers of the tasks that are
most appropriate for AT interventions to increase AT
adoption (Objective 3). We propose the use of objective
care recipient factors (e.g., demographics) provided by
caregivers for our models because these data are easy to
identify, non-invasive, and unobtrusive to collect. As
such, caregiver reports on their care recipient’s ability to
complete ADL are used in the resulting predictive
models alongside simple, objective care recipient charac-
teristics. The end goal is to provide AT developers with
knowledge of the ADL PwD require help with the most.
Methods
This study is part of a larger project initiated to inform
the development of generalizable AT design guidelines
for PwD.
Participants and recruitment
Participant recruitment occurred across Canada through: 1)
National, provincial and regional not-for-profit organiza-
tions; 2) Community support groups; 3) Hospitals and
treatment clinics; 4) medical practitioners’ clinics; and 5)
radio. Recruitment methods across nine provinces included
the distribution of paper and electronic recruitment flyers;
links to the online questionnaire on organizational websites
and electronic mailing lists; and snowball sampling/word-
of-mouth. Inclusion criteria for the study mandated partici-
pants were Canadian and provided unpaid care for a person
with AD or another type of dementia.
Questionnaire design
A 159-item questionnaire, using a combination of 89
constructed items and 70 items from existing validated
scales [53–58], was created in six thematic sections. The
full questionnaire is available online in English and French
[59, 60] and designed to be analyzed in and across subsec-
tions. To satisfy the objectives of the current study we
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used 13 demographic questions from Section C: Care
Recipient Information, and the Bristol ADL Scale [54].
The questionnaire, including constructed questions, was
first piloted on experts in the fields of dementia care and
AT (n = 7). After incorporating any recommended changes,
we piloted the questionnaire again on five regional Alzhei-
mer’s Societies and local centres for support and education,
always making modification as necessary. The final survey
is translated into French (Canadian).
Procedure
University of Toronto (REB#12-044) and Memorial Uni-
versity (ICEHR# 20140464-EX) granted ethics clearance
for the study. The questionnaire was posted online in
English [59] in March, 2013 and French (Canadian) [60]
in September, 2013. The research team also distributed
hard copies of the questionnaire and a toll-free tele-
phone number to participating organizations in order to
accommodate participant preferences. Prior to complet-
ing the questionnaire, a summary of the study was given
to participants who then provided informed consent.
After completing the questionnaire, participants could
choose to provide their contact information if they were
interested in continuing their involvement through fu-
ture stages of the study.
Model development
According to the workflow shown in Fig. 1, we devel-
oped a set of predictive models. We outline each step of
this process in detail in Objective care recipient demo-
graphic data and Predictive modelling.
Objective care recipient demographic data
We draw from the demographic data in Section C: Care
Recipient Information to characterize the current Canad-
ian population of PwD (Objective 1). Within the demo-
graphic responses, categories were grouped if they were
thematically related and correlated in the statistical
modeling (e.g., same household and same building) or if
they were not thematically linked but represented less
than 5 % of the total responses.
Predictive modelling
Model variables To develop the set of models that pre-
dict the level of difficulty care recipients will have with
different ADL (Objective 2), we first define the twenty
ADL (Bristol ADL [54]) as dependent variables (Table 1).
Responses to these variables represent caregiver opinions
of the care recipients’ abilities to complete these ADL.
We then set the independent variables (Table 2) as the
participant responses to the 13 objective care recipient
demographic questions from Section C.
Explanatory variables Of the 13 independent variables
12 are discrete (i.e., ordinal or nominal) which makes
their literal value difficult to compare within response
categories. Accordingly, each independent variable, with
l response levels, was coded into an (l-1)-tuple dummy
variable. A variable with four response levels, for example,
was represented by (0,0,0) for the baseline response level
and the 3-tuple (1,0,0), (0,1,0), (0,0,1) for the three com-
parison response levels. In some cases, when multiple
levels had similar effects on the outcome, response levels
were combined. For example, the proximity baseline vari-
able was composed of response level one (same house)
and response level two (same building). Using this coding
scheme, we developed the explanatory variables (Table 3)
and selected the baseline group as the first response
category group.
Modelling The 20 dependent variable responses belonged
to the ordered set, R∈ a; b; c; d; ef g , where a to d repre-
sented an ordered range from “independent” to “com-
pletely dependent”, and e represented “Not Applicable”.
We defined k∈ 1; 2; 3; 4; 5f g , where 1; 2; 3; 4; 5ð Þ
¼ a; b; c; d; eð Þ , assigning a numerical value to each re-
sponse category. An ordered logistic regression model
Fig. 1 Workflow for the development of the set of twenty predictive models. The set of independent variables, coded as explanatory variables,
along with the set of dependent variables, are used to develop the set of twenty predictive models
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[61], selected for its suitability to ordinal variables, was
created for each of the 20 dependent variables using the
coded explanatory variables. Each model estimates the
proportion of responses within each category (a) through
(e) for each dependent variable:
logit Pr Y i≤kð Þð Þ ¼ nk−βXi ð1Þ
where Y i is the response of the i
th respondent; Pr
Y i≤kð Þ is the probability that the response is in the kth
or lower category; nk < nkþ1 are the response category
boundaries; β is the vector of twenty-six regression coef-
ficients (unique per ADL, corresponding to the compari-
son variables); and Xi is the vector of explanatory
variables. The regression model for any c∈ 1; 2; 3; 4; 5f g
is then:









To characterize the current Canadian population of
PwD (Objective 1), we look at the demographic informa-
tion of 430 Canadian caregivers who provide unpaid care
to PwD and voluntarily completed the survey. Of these,
311 (72.3 %) respondents completed it online and 119
(27.7 %) on paper (five in French). Of the participants
79.1 % self-reported as female (n = 340), 19.8 % male
(n = 85) and 1.2 % (n = 5) did not report their gender.
Their ages ranged from 20 to 94 years (n = 428, M = 62.75,
SD = 12.67, missing data = 2). The care recipient group
were reported to be 40.2 % females (n = 173), 40.4 % males
(n = 174), 8.1 % (n = 35) of unknown sex (e.g., sibling), and
11.1 % (n = 48) unreported. Care recipient ages ranged
from 45 to 98 (n = 389, M = 78.52, SD = 10.21). Table 4
presents the dominant care recipient demographic trends
for each questionnaire item.
Predictive models
To predict the level of difficulty care recipients have
with ADL (Objective 2), we created a multinomial logis-
tic regression model for each of the 20 ADL (see Table 1
for ADL). Each of the 20 models predicts one of five
responses ((a) through (e)) resulting in 100 total re-
sponse categories. We present statistics on the relative
quality of the models, including Akaike Information
Criterion (AIC), in Table 5. The mean of the difference
between real and predicted responses, (a) through (e),
for all twenty ADL are 0.0461, 0.0659, 0.0786, 0.0312,
Table 1 Dependent variables
Number Dependent variable Number Dependent variable Number Dependent variable Number Dependent variable
1. Preparing Food 6. Hygiene 11. Mobility 16. Housework/Gardening
2. Eating 7. Teeth Cleaning 12. Orientation – Time 17. Shopping
3. Preparing a Drink 8. Bathing/Showering 13. Orientation – Space 18. Finances
4. Drinking 9. Toileting 14. Communicating 19. Games/Hobbies
5. Dressing 10. Transferring 15. Telephone 20. Transportation
Table 2 Independent variables
Care recipient (CR) demographic information Short name Data type
What is your relationship to the CR? Relation Nominal
How old in years is he or she? Age Continuous
What is the CR’s marital status? Marital Nominal
Was the CR born in Canada or outside Canada? Birthplace Nominal
What is the CR’s primary language? Language Nominal
In what type of housing does the CR live? Housing Nominal
How close to you does the CR live? Proximity Ordinal
During the past 12 months, how frequently did the CR receive help from paid professionals or organizations Paid care Ordinal
Would you say that, other than professional care, the CR considers you to be his or her primary caregiver? Primary Nominal
Has the CR been clinically diagnosed with AD? AD Nominal
If no, has the CR been clinically diagnosed with another form of dementia? Dementia Nominal
If the CR has been clinically diagnosed with AD or another form of dementia, approximately how long ago was
this diagnosis made?
Duration Ordinal
On a scale of 0 to 10, 0 meaning “not dependent at all” and 10 meaning “completely dependent,” how dependent
would you say the CR is on you for help?
Independence Interval
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and 0.0233 with variances of 8.47 × 10−4, 2.17 × 10−3,
2.53 × 10−3, 7.13 × 10−4, and 3.28 × 10-4, respectively.
These mean differences represent the average differences
between the proportion of real and predicted responses
for each of the twenty ADL. This means, for example,
that the models were able to predict response (e) most
accurately (mean difference 0.0233), and (c) least accur-
ately (mean difference 0.0786). As evidenced in Fig. 2,
the models correctly predict the proportion of respon-
dents in each category (a) through (e) across the 20 ADL
to within 10 % of the total respondents in 88 of the 100
total response categories (solid black, Fig. 2). For ex-
ample, in the telephone ADL all five predicted responses
were within 10 % of the actual proportion of responses.
In 12 of the 100 total response categories, the difference
between the predicted and actual proportion of respon-
dents was greater than 10 % of the total respondents
(hash marked, Fig. 2). For example, in the preparing
food ADL, predicted responses (c) and (d) provide incor-
rect predictions that are more than 10 % lower than the
real responses.
Discussion
In characterizing Canadian PwD (Objective 1), most care
recipients were mothers/mother-in-laws and husbands,
married, and living in private housing along with their
caregivers—all consistent with current conceptions of
PwD cared for by family caregivers [27, 30–33]. Further-
more the majority were English-speaking, Canadian
born, and had received a clinical diagnosis of AD and/or
dementia from 1 to 6 years prior. Most caregivers re-
ported their care recipient was dependent or very
dependent on the care they provided, and the frequency
of their use of professional services (ranging from never
to daily use) was equally distributed. Given most re-
sources available to support PwD in Canada, and that
our recruitment tools (e.g., regional Alzheimer Soci-
eties), are predominantly in English, our sample may not
fully-represent the underlying multicultural Canadian
care recipient population (i.e., the sample is predomin-
antly English-speaking). Further, recruitment resources
are likely only used by people who have or are caring for
a person with a diagnosis—persons targeted by the











1. Relation Male 1,3,5,7 Female 2,4,6,8
Other 9,10,11
2. Age less than 70 - 70–79 -
80–89 -
90+ -
3. Marital Married, divorced, widowed 1,3,5 Common-law, single 2,6
Separated 4
4. Birthplace In Canada 1 Outside Canada 2
5. Language English - French -
Other -
6. Housing Private, institution, other 1,3,4 Supportive 2
7. Proximity Same house/same building 1,2 Less than 1 h away 3,4,5
1 h or more away 6,7
8. Paid care Daily 1 2–3 times per week 2,3
Less than weekly 4,5,6,7
9. Primary Yes/Unknown 1,3 No 2
10. AD Yes 1 No 2
11. Dementia Yes 1 No 2
12. Duration Less than 1 year 1 1–6 years 2,3
6+ years 4,5
N/Aa 6
13. Independence Not dependent at all 1 Slightly dependent 2,3,4,5
Dependent 6,7,8,9
Very dependent 10,11
aNote: N/A includes “Not Sure” responses from questions 10 and 11 (clinical diagnoses of AD or dementia)
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Table 4 Care recipient demographics as reported by their care giver
Category Item Number of respondents Percentage










Birthplace In Canada 265 61.6
Not in Canada 126 29.3
Missing 39 9.1




Type of Housing In private household 315 73.3
Institution al care facility / Supportive housing / Other 69 16.0
Missing 40 9.3
Proximity to Caregiver Same household / Same building 269 62.6
Less than 1 h by car 110 25.6
More than 1 h by car 14 3.3
Missing 37 8.6
Paid Care Daily 84 19.5
2–3 times per week 103 24.0
Less than weekly 92 21.4
Never 107 24.9
Missing 44 10.2
Informal Primary Caregiver Yes 341 79.3
No/Unsure 50 11.6
Missing 39 9.1
Clinical diagnosis Alzheimer’s disease 274 63.7
Other dementia 91 21.2
No/Unsure 9 2.1
Missing 56 13.0
Time since diagnosis Less than 1 year 41 9.5
1–6 years 256 59.5
6+ years 76 17.7
Unknown 8 1.9
Missing 49 11.4
Czarnuch et al. BMC Geriatrics  (2016) 16:143 Page 7 of 11
resources. This also helps explain why the vast majority
of respondents had received a diagnosis over a year prior
to their participation—they had time to find resources
yet were not at a point (i.e., after 6 years with the illness)
when they would likely need to shift to more formal
caregiving processes and persons. The broad frequency
of use of professional services suggests a diverse set of
needs despite our respondents ranking their care recipi-
ent as dependent to very dependent and predominantly
living in private housing. Both high dependence (or high
impairment) and community-dwelling have suggested a
bimodal usage of services: either substantially using
services or not at all [31, 38, 39], which warrants future
research into these relationships.
Inspection of the demographic information emergent
from the data helps provide an understanding of Canadian
PwDs and identifies limitations with our sample. For
example, our sample’s limited multicultural representation
motivates greater representation of the diverse Canadian
population in future studies. To this end, we are currently
translating the questionnaire with the end goal of garner-
ing insight into the needs of the Chinese-Canadian com-
munity. These additional multicultural demographics may
further strengthen our proposed models and respond to
the needs of more Canadian PwD. In seeking to develop a
set of models to predict challenging ADL for PwD based
on characterizing factors (Objective 2), we found multi-
nomial logistic models work well (88 of 100 response
categories correctly predicted). The models predict care-
giver responses at the extremes of the response con-
tinuum and do well estimating the overall distribution of
responses, although a small number of predicted response
categories (12 of 100) were outside our defined success
threshold of 10 % of total respondents. Of the 12 cases,
nine occurred within the preparing food and drink, hy-
giene, bathing/showering, mobility, and transportation
tasks. In each, the models predicted (b) or (c) while the
respondents selected the opposite responses (c) or (b).
These middle response categories may be more challen-
ging to predicte since the care recipients are transitioning
toward needing more help in these stages. Care recipients
in earlier stages (e.g., b) may recognize their needs, how-
ever it may be harder to contextualize the extent of those
needs given the illness has yet to progress fully and every-
one is adjusting to the diagnosis/health status. However,
as the disease progresses and the care recipient’s needs
become pronounced, the definition of need is clearer.
Given the subjectivity inherent in need characterization
juxaposed with the emotional components of caregiving,
we do expect some ambiguity in responses. Accordingly, it
is not surprising that the models predict responses (b) and
(c) least accurately, both in application and statistically
(see Predictive models). By looking at the aggregate
prediction of (b) and (c), it is evident that these models
accurately predict care reicipent needs during the transi-
tory period of disease progression.
Ultimately, our interest is to help developers produce
needed and utile AT that can support PwD (Objective
3). We draw on our findings to identify the ADL most
PwD indicate needing assistance with to satisfy this
objective. We do this by examining the proportion of
“dependent” (c) and “very dependent” (d) responses for
each task (visualized in Fig. 2). For example, almost 80 %
of caregivers surveyed about their care recipient’s ability
to prepare food indicate a high level of dependence com-
pleting this task. Hygiene, bathing/showering, telephone,
housework/gardening, shopping, finances, games/hobbies,
and transportation are similar. Most of these ADL are
Table 4 Care recipient demographics as reported by their care giver (Continued)
Independence Not dependent at all (0–2) 21 4.9
Slightly dependent (3–5) 62 14.4
Dependent (6–8) 157 36.5
Very dependent (9–10) 148 34.4
Missing 42 9.8












1121 852 1206 535 1039 1058 1080 1084 807 713
AIC 1183 914 1268 597 1101 1120 1142 1144 869 773











818 966 906 1099 1113 1118 999 1102 1073 1147
AIC 878 1028 966 1161 1175 1180 1059 1164 1135 1209
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complex, or instrumental ADL, and our models had diffi-
culty correctly predicting responses for six of these nine
ADL. Perhaps, more complicated and broader tasks evoke
responses that are more ambiguous. Combining categories
(c) and (d), however, accounts for the models’ predicative
inaccuracies here. In other words, although our models
erroneously predicted the individual response categories
(c) and (d) for several ADL, the majority of participant
responses for the ADL were predicted correctly using the
aggregate of (c) and (d). Thus, we propose using these
models to identify the ADL that are most in need of AT
for support based on the needs expressed by PwD. In our
sample, the ADL preparing food, hygiene, bathing/
showering, telephone, housework/gardening, shopping, fi-
nances, games/hobbies, and transportation are tasks where
care recipients exhibit a high level of dependence on their
caregiver. In this context, these daily tasks could benefit
most from AT that could both support the independence
of the PwD and relieve the burden experienced by the care-
giver. Outside of our Canadian sample, using easy to col-
lect, objective care recipient information with our models,
AT developers may be able to identify the ADL that
PwD are most dependent on their caregiver to
complete. The development of AT that satisfy the
needs of PwD must be centred on these ADL; those
that are most in need of intervention.
Fig. 2 Comparison of the proportions of predicted and real responses. Responses categories range from Independent (a) to Completely
Dependent (b), and Not Applicable (e). Predicted responses that are not within 10 % of the proportion of actual respondents are highlighted as
incorrect predictions
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Conclusion
Technology developers should develop AT with know-
ledge of the independence and capabilities of PwD com-
pleting various ADL. However, such capabilities vary and
their direct evaluation is time-consuming, subjective, and
potentially invasive. We show how the task-based inde-
pendence of PwD is shaped by 13 factors and argue these
factors are more objective, easier to identify, and less inva-
sive than a more direct evaluation of task-based independ-
ence. These 13 factors are: caregiver relation, age, marital
status, place of residence, language, housing type, proxim-
ity to caregiver, use of professional service, informal pri-
mary caregiver, diagnosis of Alzheimer’s disease, diagnosis
of dementia, time since diagnosis, and level of dependence
on caregiver. We use these factors to develop a set of
models that can predict the likelihood that PwD will re-
quire assistance during 20 ADL without direct evaluation
of their actual capabilities. In this way, AT developers can
simply collect objective data from a PwD and identify the
ADL that require the most support. The social and quality
of life implications of such developments are overwhelm-
ingly positive. Given the realities of independence loss,
reduced quality of life and burden for both PwD and their
caregivers, the ability to target AT development in areas
that offer the most assistance, taking into account charac-
teristics of PwD, can potentially offer positive gains in the
abilities of persons with dementia to age in place.
Abbreviations
ADL, activity of daily living; AT, assistive technology; MMSE, mini–mental
status examination; PIADS, psychosocial impact of assistive devices scale;




This study was funded by the Alzheimer Society Research Program, “Toward
developing an assistive technology framework for older adults with
Alzheimer's disease and other dementias: A user-centered design approach”,
grant number 12–20.
Availability of data and materials
Data collected and used for this study may be made available upon request
for non-commercial research and validation purposes.
Authors’ contributions
All authors conceived and participated in the design of the study and
collection of data. SC carried out the analyses and drafted the manuscript.
RR supported the analyses and interpretation of the study results and helped
to draft the manuscript. AM coordinated study resources and helped to draft
the manuscript. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
University of Toronto (REB#12-044) and Memorial University (ICEHR#
20140464-EX) granted ethics clearance for the study. Informed consent was
provided by all study participants.
Author details
1Department of Electrical and Computer Engineering and Discipline of
Emergency Medicine, Memorial University, S.J. Carew Building, St. John’s, NL
A1B 3X5, Canada. 2Department of Sociology, Memorial University, Arts and
Administration Building, St. John’s, NL A1C 5S7, Canada. 3Department of
Occupational Science and Occupational Therapy & Institute of Biomaterials
and Biomedical Engineering, University of Toronto, 160-500 University Ave.,
Toronto, ON M5G 1V7, Canada. 4Toronto Rehabilitation Institute-University
Health Network, 550 University Avenue, Toronto, ON M5G 2A2, Canada.
Received: 3 January 2016 Accepted: 6 July 2016
References
1. Gitlin LN, Vause-Earland T. Improving quality of life in individuals with
dementia: The role of Nonpharmacological approaches in rehabilitation.
In: Blouin M, Stone JH, editors. International Encyclopedia of
Rehabilitation. 2010.
2. Cerejeira J, Lagarto L, Mukaetova-Ladinska EB. Behavioral and psychological
symptoms of dementia. Frontiers in Neurology. 2012;3(73). http://www.ncbi.
nlm.nih.gov/pmc/articles/PMC3345875/.
3. Hersch EC, Falzgraf S. Management of the behavioral and psychological
symptoms of dementia. Clin Interv Aging. 2007;2(3):611–21.
4. Black W, Almeida OP. A systematic review of the association between the
behavioral and psychological symptoms of dementia and burden of care.
Int Psychogeriatr. 2004;16:295–315.
5. Moore K, Ozanne E, Ames D, Dow B. How do family carers respond to
behavioral psychological symptoms of dementia? Int Psychogeriatr. 2013;
25(5):743–53.
6. Ornstein KA, Gaugler JE, Devanand DP, Scarmeas N, Zhu CW, Stern Y. Are
there sensitive time periods for dementia caregivers? The occurrence of
behavioral and psychological symptoms in the early stages of dementia. Int
Psychogeriatr. 2013;25(9):1453–62.
7. O'Neill B, Gillespie A. Simulating naturalistic instruction: The case for a
voice mediated interface for assistive technology for cognition. J Assist
Technol. 2008;2:22–31.
8. Alzheimer's Association. 2009 Alzheimer's disease facts and figures.
Alzheimer's and Dementia. 2009;5(3):234–70.
9. O'Keefe J, Maier J, Freiman M. Assistive technology for people with
dementia and their caregivers at home: What might help. Washington:
Administration on Aging; 2010.
10. Pollack ME. Intelligent technology for an aging population: the use of ai to
assist elders with cognitive impairment. AI Mag. 2005;26(2):9–24.
11. Dishman E, Carrillo MC. Perspective on everyday technologies for
Alzheimer's care: Research findings, directions, and challenges. Alzheimer's
and Dementia. 2007;3(3):227–34.
12. Mihailidis A, Barbenel JC, Fernie G. The efficacy of an intelligent cognitive
orthosis to facilitate handwashing by persons with moderate to severe
dementia. Neuropsychol Rehabil. 2004;14(1):135–71.
13. Czarnuch S, Mihailidis A. The design of intelligent in-home assistive
technologies: Assessing the needs of older adults with dementia and their
caregivers. Gerontechnology. 2011;10(3):165–78.
14. Cahill S, Macijauskiene J, Nygard A-M, Faulkner J-P, Hagen I. Technology in
dementia care. Technol Disabil. 2007;19(2/3):55–60.
15. Orpwood R, Sixsmith A, Torrington J, Chadd J, Gibson G, Chalfont G.
Designing technology to support quality of life of people with dementia.
Technol Disabil. 2007;19(2):103–12.
16. Davey JN, Nana G, de Joux V, Arcus M. Accommodation options for older
people in Aotearoa/New Zealand. Wellington: NZ Institute for Research on
Ageing/Business & Economic Research Ltd. for Centre for Housing Research
Aotearoa/New Zealand; 2004.
17. Hebert LE, Scherr PA, Bienias JL, Bennett DA, Evans DA. Alzheimer disease in
the U.S. population: prevalence estimates using the 2000 Census. Arch
Neurol. 2003;60(8):1119–22.
18. Wiles JL, Leibing A, Guberman N, Reeve J, Allen RES. The meaning of
“Ageing in Place” to older people. Gerontologist. 2011;52(3):357–66.
19. Boger J, Quraishi M, Turcotte N, Dunal L. The identification of assistive
technologies being used to support the daily occupations of
community-dwelling older adults with dementia: a cross-sectional
pilot study. Disabil Rehabil Assist Technol. 2014;9(1):17–30.
Czarnuch et al. BMC Geriatrics  (2016) 16:143 Page 10 of 11
20. Vredenburg K, Isensee S, Righi C. User-Centered Design: An Integrated
Approach. Upper Saddle River: Prentice Hall; 2002.
21. Davies RJ, Nugent CD, Donnelly MP, Hettinga M, Meiland FJ, Moelaert F,
Mulvenna MD, Bengtsson JE, Craig D, Dröes R-M. A user driven approach to
develop a cognitive prosthetic to address the unmet needs of people with
mild dementia. Pervasive and Mobile Computing. 2009;5(3):253–67.
22. Robinson L, Brittain K, Lindsay S, Jackson D, Olivier P. Keeping In Touch
Everyday (KITE) project: developing assistive technologies with people with
dementia and their carers to promote independence. Int Psychogeriatr.
2009;21(03):494–502.
23. Bharucha AJ, Anand V, Forlizzi J, Dew MA, Reynolds III CF, Stevens S, Wactlar
H. Intelligent assistive technology applications to dementia care: current
capabilities, limitations, and future challenges. Am J Geriatr Psychiatr. 2009;
17(2):88–104.
24. Rosenberg L, Nygård L. Persons with dementia become users of assistive
technology: A study of the process. Dementia. 2011;11(2):135–54.
25. Zhang S, McClean SI, Nugent CD, Donnelly MP, Galway L, Scotney BW,
Cleland I. A predictive model for assistive technology adoption for
people with dementia. Biomedical and Health Informatics, IEEE Journal
of. 2014;18(1):375–83.
26. Kinney JM, Kart CS, Murdoch LD, Ziemba TF. Challenges in caregiving and
creative solutions: using technology to facilitate caring for a relative with
dementia. Ageing International. 2003;28(3):295–314.
27. Alzheimer’s Association. 2012 Alzheimer's disease facts and figures.
Alzheimer's and Dementia. 2012;8(2):131–68.
28. Seshadri S, Wolf PA, Beiser A, Au R, McNulty K, White R, D'Agostino RB.
Lifetime risk of dementia and Alzheimer’s disease. The impact of
mortality on risk estimates in the Framingham Study. Neurology.
1997;49(6):1498–1504.
29. Hebert LE, Scherr PA, McCann JJ, Beckett LA, Evans DA. Is the risk of
developing Alzheimer’s disease greater for women than for men? Am J
Epidemiol. 2001;153:132–6.
30. Alzheimer's Disease International: World Alzheimer Report 2009. London:
Alzheimer's DiseaseInternational; 2009.
31. Webber PA, Fox P, Burnette D. Living alone with Alzheimer's disease:
effects on health and social service utilizaiton patterns. Gerontologist.
1994;34(1):8–14.
32. Lehman SW, Black BS, Shore A, Kasper J, Rabins PV. Living alone with
dementia: lack of awareness adds to functional and cognitive vulnerabilities.
Int Psychogeriatr. 2010;22(5):778–84.
33. Ebly EM, Hogan DB, Rockwood K. Living alone with dementia. Dement
Geriatr Cogn Disord. 1999;10(6):541–8.
34. Tierney MC, Charles J, Naglie G, Jaglal S, Kiss A, Fisher RH. Risk factors for
harm in cognitively impaired seniors who live alone: A prospective study.
J Am Geriatr Soc. 2004;52(9):1435–41.
35. Nourhashemi F, Amouyal-Barkate K, Gillette-Guyonnet S, Cantet C, Vellas B,
REAL.FR Group. Living alone with Alzheimer's disease: cross-sectional and
longitudinal analysis in the REAL.FR Study. Journal of Nutrition, Health &
Aging. 2005;9(2):117–20.
36. Duane F, Brasher K, Kock S. Living alone with dementia. Dementia. 2011;
12(1):123–36.
37. Harris PB. The experience of living alone with early stage Alzheimer’s
disease: What are the person’s concerns? Alzheim Care Q. 2006;7(2):84–94.
38. Gaugler JE, Kane RL, Kane RA, Newcomer R. Early community-based service
utilization and its effects on institutionalization in dementia caregiving.
Gerontologist. 2005;45(2):177–85.
39. Biegel DE, Bass DM, Schulz R, Morycz R. Predictors of in-home and
out-of-home service use by family caregivers of Alzheimer’s disease
patients. J Aging Health. 1993;5(4):419–38.
40. Davis FD. Perceived usefulness, perceived ease of use, and user acceptance
of information technology. MIS Q. 1989;13(3):319–40.
41. Davis FD. A technology acceptance model for empirically testing new end
user information systems: Theory and results. Cambridge: MIT; 1986.
42. Venkatesh V, Davis FD. A theoretical extension of the Technology Acceptance
Model: Four longitudinal field studies. Manag Sci. 2000;46(2):186–204.
43. Davis FD, Bagozzi RP, Warshaw PR. User acceptance of computer
technology: a comparison of two theoretical models. Manag Sci. 1989;
35(8):982–1003.
44. Venkatesh V. Determinants of perceived ease of use: Integrating control,
intrinsic motivation, and emotion into the Technology Acceptance Model.
Inf Syst Res. 2000;11(4):342–65.
45. Bagozzi RP. The legacy of the Technology Acceptance Model and a
proposal for a paradigm shift. J Assoc Inf Syst. 2007;8(4). http://aisel.aisnet.
org/jais/vol8/iss4/12.
46. Burton-Jones A, Hubona GS. The mediation of external variables in the
technology acceptance model. Information and Management. 2006;
43(6):706–17.
47. Yousafzai SY, Foxall GR, Pallister JG. Technology acceptance: a
meta-analysis of the TAM: Part 1. Journal of Modelling in
Management. 2007;2(3):251–80.
48. Yang H-d, Yoo Y. It's all about attitude: revisiting the technology acceptance
model. Decis Support Syst. 2004;38(1):19–31.
49. Chuttur M. Overview of the technology acceptance model: Origins,
developments, and future directions. All Sprouts Content 2009, Paper 290.
http://aisel.aisnet.org/sprouts_all/290.
50. Legris P, Ingham J, Collerette P. Why do people use information
technology? A critical review of the technology acceptance model.
Information and Management. 2003;40(3):191–204.
51. Lee Y, Kozar KA, Larsen KRT. The technology acceptance model: past,
present and future.Communications of the Association for Information
Systems 2003;12. Available at: http://aisel.aisnet.org/cais/vol12/iss1/50.
52. Day H, Jutai J. Measuring the psychosocial impact of assistive devices: the
PIADS. Canadian Journal of Rehabilitation. 1996;9(2):159–68.
53. Ware JEJ, Kosinski M, Keller S. A 12-item short-form health survey:
Construction of scales and preliminary reliability and validity. Med Care.
1996;34(3):220–33.
54. Bucks RS, Ashworth DL, Wilcock GK, Siegfried K. Assessment of activities of
daily living in dementia: development of the Bristol Activities of Daily Living
Scale. Age Ageing. 1996;25(2):113–20.
55. Higginson IJ, Gao W, Jackson D, Murray J, Harding R. Short-form Zarit
caregiver burden interviews were valid in advanced conditions. J Clin
Epidemiol. 2010;63(5):535–42.
56. Pearlin LI, Mullan JT, Semple SJ, Skaff MM. Caregiving and the stress
process: An overview of concepts and their measures. Gerontologist.
1990;30(5):583–94.
57. Dilworth-Anderson P, Goodwin PY, Williams SW. Can culture help explain
the physical health effects of caregiving over time among African American
caregivers? The Journals of Gerontology. 2004;59(3):S138–45.
58. Kosberg JI, Cairl RE. The cost of care index: acase management tool for
screening informal care providers. Gerontologist. 1986;26(3):273–8.
59. Toward Developing an Assistive Technology Framework for Older Adults
with Dementia: A User-Centered Design Approach. [http://iatsl.org/projects/
documents/AssistiveTechnologyFrameworkSurvey-English.pdf]
60. Développer un cadre de technologie d'assistance pour les adultes
plus âgés atteints de la maladie d’Alzheimer : une approche axée
sur l'utilisateur. [http://iatsl.org/projects/documents/
AssistiveTechnologyFrameworkSurvey-French.pdf]
61. Agresti A. Categorical Data Analysis. 2nd ed. Hoboken: Wiley; 2002.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Czarnuch et al. BMC Geriatrics  (2016) 16:143 Page 11 of 11
